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 Intro to NERRS Waquoit Bay monitoring 
 Who/what/where are the players 

 Trends and pulses 
 Temperature 

 Dissolved Oxygen 

 Nutrients & Chlorophyll + Pheophytin 

 Eelgrass & Macroalgae 

 What’s driving changes in Waquoit Bay 

 Nutrients 

 Macroalgae 

 What’s the take home? 



Intro to Waquoit 
Bay monitoring 



http://www.mass.gov/eea/images/dcr/passport/passportcoverpetecircle462x286.gif 

Waquoit Bay  

National  

Estuarine  

Research Reserve 



MEP, May 2012  

Significance 
Productive systems 

with many ecosystem 
services to humans 
(filtering pollutants 

and excess nutrients, 
buffering storm 

impacts, and providing 
critical habitats) which 

help drive coastal 
economy (e.g., real 

estate values, 
infrastructural 

stability, fishing yields, 
eco-tourism, etc.). 

What’s an Estuary? 

http://calvert.lib.md.us/calvertheritage/images/image017.png 

Google-Data Image “Eelgrass”, obtained on 07/07/2017 

http://www.google.com/url?url=http://overlitig.blogspot.com/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwi4uui085HMAhWBRz4KHSUnALgQwW4INDAP&sig2=bpiKRZb9xst7nuOjjhv7dQ&usg=AFQjCNEJeUPBfdh5D-m4vJjkQZXWUjfbEg
https://www.google.com/url?url=https://www.pinterest.com/bhardt/quahog/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjow4vc85HMAhUMdj4KHWhKAasQwW4IGDAB&sig2=PeqVvAkUZo4XvKpYdeJ60Q&usg=AFQjCNFkTsKsSaIzbBUOL5fXqTm6GQEvRg
https://www.google.com/url?url=https://www.pinterest.com/bhardt/quahog/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjow4vc85HMAhUMdj4KHWhKAasQwW4IGDAB&sig2=PeqVvAkUZo4XvKpYdeJ60Q&usg=AFQjCNFkTsKsSaIzbBUOL5fXqTm6GQEvRg
https://www.google.com/url?url=https://www.pinterest.com/bhardt/quahog/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjow4vc85HMAhUMdj4KHWhKAasQwW4IGDAB&sig2=PeqVvAkUZo4XvKpYdeJ60Q&usg=AFQjCNFkTsKsSaIzbBUOL5fXqTm6GQEvRg
https://www.google.com/url?url=https://www.pinterest.com/bhardt/quahog/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjow4vc85HMAhUMdj4KHWhKAasQwW4IGDAB&sig2=PeqVvAkUZo4XvKpYdeJ60Q&usg=AFQjCNFkTsKsSaIzbBUOL5fXqTm6GQEvRg
https://www.google.com/url?url=https://en.wikipedia.org/wiki/Striped_bass&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwit3ZbQ9JHMAhUFez4KHfYNApgQwW4IFjAA&sig2=bGaIt-d_b6zFxCgu_tSwqw&usg=AFQjCNHgq7Wtq0vGBS-SewfSZVTyvqpY-Q
http://www.google.com/url?url=http://www.mass.gov/eea/agencies/dfg/dmf/recreational-fishing/bluefish.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwitxvvc9JHMAhVGMz4KHS2-BDcQwW4IFjAA&sig2=9kf4Do2ZryL9t9gHGrScbQ&usg=AFQjCNHbrffiXKqf0IlpDd-TfjabW6bgbA
http://www.google.com/url?url=http://www.dnr.sc.gov/fish/species/brooktrout.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiu-sKR9ZHMAhUCGD4KHYbBAAUQwW4IHDAD&sig2=N1xeegeDUegAea3tPpTqBw&usg=AFQjCNETP2PRSZsNkE_uXiWnj1nYjeLA_A


Background – Eelgrass Decline 

Valiela, I., K. Foreman, M. LaMontagne, D. Hersh, J. Costa, P. Peckol, B. DeMeo-Anderson. C. D'Avanzo, M. Babione, Chi-Ho Sham, 
J. Brawley, K. Laitha. 1992. Couplings of Watersheds and Coastal Waters: Sources and Consequences of Nutrient Enrichment in 
Waquoit Bay, Massachusetts. Estuaries 15 (4): 43-457. 



 

 

 Climate change 
 

 

 

 

 Excess nutrient loading 

 

Waquoit Bay algal bloom,  2003 



http://www.vliz.be/projects/iseca/images/schemenutr.png 



http://www.inlandbays.org/wp-content/images/healthy_bay_eutrophication.jpg 

Excessive 
Nutrients 

Minimal 
Nutrients 

BACTERIA 



Established in 1995  

 

“Develop quantitative measurements of short-term 
variability and long-term changes in the water 
quality, biological systems, and land-use / land-
cover characteristics of estuaries and estuarine 
ecosystems for the purposes of informing effective 
coastal zone management. ” 



 SWMP nutrient & water 
quality sampling 

 

 SAV-MAL sampling 

2004 
2007 

2011 
2016 





Trends and 
pulses 

2014 Shrimp Kill 

2017 Beach Erosion 

2003 Algal Bloom 



Results from 
15-minute 
SWMP sonde 
data 

F = 3.78 
P = 0.076 

F = 2.79 
P = 0.121 

F = 3.352 
P = 0.092 

F = 0.363 
P = 0.558 

Grothues, T., and Owen Doherty, 2016., R-script training, JCNERR, & Eagle Rock Analytics 
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Results from 
15-minute 
SWMP sonde 
data 

F =11.38 

P = 0.006 

F = 17.61 

P = 0.001 

F =11.28 

P = 0.006 

F = 0.7725 

P = 0.397 

Grothues, T., and Owen Doherty, 2016., R-script training, JCNERR, & Eagle Rock Analytics 
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α = 0.09 
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Who’s Driving? 



 IS IT REAL? 

 Regional trend supported by other databases: 

 Waquoit BayWatchers (more subdued 2010 event due 
to difference in sampling time; incoming vs. outgoing 
tide) 

  Buzzards Bay Coalition BayWatcher’s online data 

 Speculate climate drivers for regional impact 

 Temperature 

 Precipitation & Discharge 

 Storms 

 

 

 



Results from 15-minute 
SWMP sonde data 
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p = 0.000 R2 = 0.264 

p = 0.000 



y = 0.5188x - 991.2 
p=0.002 

y = 0.2163x - 415.7 
p = 0.001 
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 IS IT REAL? 

 Corroborating trends documented: 

 Foster & Fulweiler (2014) in Childs River, Waquoit Bay 

 Nixon and others (2009) in Narragansett Bay 

 Fulweiler and others (2007) in Narragansett Bay 

Foster & 
Fulweiler 
crew 
sampling 
in Waquoit 
Bay 



 Foster & Fulweiler (2014) 
 Working theories: 

 Sulfide concentration 
buildup 

 Environmental factors: 
 increased temperature 
 decreased wind speed 
 changes in timing of 

phytoplankton blooms 
 

 

 
 

Current: 2011-2012  

Historic:1991-1992 



Iowa State Environmental Mesonet:  
http://mesonet.agron.iastate.edu/sites/dyn_windrose.phtml?network=WI_ASOS&station=MSN 

July August 





 

West Wind 

2 hr lag, correlation coefficient = 0.92 

Grothues, T., 2018, JCNERR  



 Foster & Fulweiler (2014) found a significant drop in summer 
wind speeds (May-October; p=0.016) based on WBNERR Carriage 
House data. 

 

 Since we know that wind increases DO in Childs River, reduced 
wind speeds would result in more prolonged hypoxic conditions.  

 

 Prolonged hypoxia may result in benthic microbes shifting to 
anaerobic respiration (increasing sulfide concentrations), 
decreased macrofauna activity, and reduced benthic nitrogen 
fluxes (i.e., denitrification).  

 

 Combined, eutrophication and climate change impacts are likely 
causing decreased productivity in Childs River.  



 Heavy spring rain and discharge events appear to play a 
significant role in nutrient dynamics in the estuary, and with 
increased precipitation from climate change, we may see 
more frequent spikes in summertime total nitrogen. 

 
Note: Although residential development has continued to grow over the last two 
decades, the heightened nitrogen load from the increased residential development may 
be balanced by decreased atmospheric nitrogen from improved air quality policy 
(Valiela et al. 2016).  

 
 The decline of macroalgae in Childs River may be a 

reflection of prolonged eutrophication exacerbated by 
climate change impacts (i.e., reduced summer wind speeds, 
increased precipitation, and increased temperature). This part of our 
estuary is essentially becoming a dead zone. 

 
 Changes to nutrient levels through improved coastal management 

must take climate change factors into account. 
 



 Benson, J. L., Schlezinger, D., & Howes, B. L. 2013. Relationship between nitrogen concentration, light, and Zostera marina habitat 
quality and survival in southeastern Massachusetts estuaries. Journal of Environmental Management, 131, 129–137.  
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estuary. Frontiers in Marine Science, 11(56): 1-16. 
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 Interns & Volunteers 

 Rick York, Town of Mashpee 

 Ivan Valiela Lab, Marine Biological Laboratory 

 Jeff Metcalf Summer Undergraduate Research 
Fellowship 

 WHOI Sea Grant 

 EPA SNEP 

 Brown LINK Award Program 

 Waquoit Bay Reserve Foundation 

 Former and current WBNERR staff 



Jordan Mora 
Research Associate 
Waquoit Bay NERR, Cape Cod, MA 
Jordan.mora@state.ma.us 
508-457-0495 x 128 







p = 0.000 



p = 0.000 

R2 = 0.148 

p = 0.003 

R2 = 0.242 

p = 0.000 



p = 0.000 

R2 = 0.124 

p = 0.011 



Average of all years (SWMP only) 



Average of all years (SWMP only) 



Average of all years (SWMP only) 



Average of all years (SWMP only) 






